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© Training device and method ol using same for rehabilitation. 



© A rehabilitation training device and method in 
which a target heart rate is input the heart rate is 
measured and a load in an ergometer operated by 
the person undergoing rehabilitation is changed ac- 
cordingly. There are four steps in the training: (1) 
warm up - the load is increased to have the heart 
rate linearly approach the target value; (2) automatic 
- the load is varied to maintain the heart rate at the 
target; (3) interval - the load is alternated between its 
average value in the automatic step and a fraction 
thereof, and (4) cool-down-the load is gradually de- 
creased. 
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Training Device And Method Of Using Same For Rehabilitation 



This invention relates to a training device for 
rehabilitation which can be readily * used for re- 
habilitation of a person at his home who has recovr 
ered, for instance, from heart disease. In such a 
training device, the load is controlled by heart rate 
measuring means, which is based on electro- 
cardio-potential, in order to maintain a relatively low 
target heart rate. The load is further controlled 
suitably in the warming-up stage and in the interval 
training stage according to the strength of the legs 
or waist of the person who has recovered from the 
illness by surgical operation, thereby to increase 
his physical strength. 

A variety of so-called "bicycle ergometer type 
training devices" are commercially available in 
which, in response to instructions from a micro- 
computer built therein, the physical conditions of a 
person (age, weight, sex and heart rate) are input- 
ted. There data are processed so that an optimum 
load value and a controlled heart rate under the 
load are determined. The exercise of the person 
(user or operator) is continuously controlled ac- 
cording to these data. Reference is made to Japa- 
nese Patent Applications No. 123172/1983 entitled 
"Method of Determining the Best Exercise Con- 
ditions", No. 123173/1983 entitled "Training De- 
vice", and No. 69922/1984 entitled "Training De- 
vice" which have been filed by the present ap- 
plicant. 

Of these conventional training devices, one is 
generally provided for a healthy person in which 
the load is automatically controlled so as to main* 
tain the heart rate at a predetermined target value 
and therefore its target heart rate is high. There- 
fore, the training device is not suitable for a person 
who is being rehabilitated to restore the muscles of 
the legs and waist which has been weakened by 
his being confined to bed with a disease. That is, 
with the training device, the warming up for allow- 
ing the heart rate to reach the target heart rate is 
considerably strenuous and abrupt for such a per- 
son. In addition, even after the heart rate has 
reached the target value, the load is increased. 
Thus, the conventional training device is unsuitable 
for those who need to be rehabilitated. 

In almost ail the conventional bicycle ergo- 
meters for healthy persons, the target heart rate is 
automatically set according to the statistical central 
values of past data which have been obtained 
separately according to ages and sexes. However, 
no such past* data have been provided for those 
who have recovered from heart disease and are to 
be rehabilitated. Accordingly, depending on the 
conventional training device in which such past 
data are automatically set, it is impossible to apply 
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even one of the target numbers of heart rates to 
these person. That is, the target numbers of heart 
rates for these persons depend greatly on their 
recovery conditions or physical strengths. Accord- 

5 ingly, the target numbers of heart rate and the 
rehabilitation training frequencies for them should 
be specified by their personal physicians and input 
data such as a target heart rate for the rehabilita- 
tion training should be manually inputted. However, 

w in the above-described training device for healthy 
people, various data are automatically inputted and 
these input data are those which have been statisti- 
cally determined from the past data. Therefore, in 
the conventional training device, it is impossible to 

75 input the data which are exactly applicable to those 
people. That is, it is impossible to correctly re- 
habilitate them with the conventional training de- 
vice. 

In the case of rehabilitation of a person who 

20 has recovered from heart disease, especially in the 
case of rehabilitation with a training device, the 
training itself would be dangerous for the person if 
it were carried out without correctly knowing the 
variations of his physical conditions which may 

25 occur during the training in addition to the physical 
conditions. There are a few facilities which can 
conduct the rehabilitation by correctly detecting the 
variations of physical conditions of a person which 
may occur during the exercise. Examples of such 

30 facilities are hospitals and rehabilitation centers 
where doctors are controlling the training. However, 
only a limited number of persons can utilize such 
excellent facilities. 

For instance in America where the rehabilitation 

35 is conducted under such desirable conditions while 
being controlled by doctors, almost all the training 
devices are those which are designed for healthy 
person. Accordingly, those training devices are uti- 
lized with training programs for healthy people con- 

40 verted into ones for rehabilitation. 

In the rehabilitation which is conducted with 
such a training device for those who has recovered 
from heart disease, the rehabilitation program is 
obtained merely by reananging the training pro- 

45 gram provided for healthy people. For instance, in 
the case of the bicycle ergometer type training 
device, a target heart rate is determined in advance 
and the ergometer load increasing rate is so ar- 
ranged that the heart rate of a rehabilitating person 

50 being trained reaches the target heart rate more 
slowly than those of a healthy person. Therefore, 
the training program thus rearranged may be useful 
for the rehabilitation training in which the heart rate 
of a person being trained reaches the target value 
only slowly. On the other hand, the fatigue of the 

2 
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muscles of the legs and the waist depends greatly 
on the physical strengths of persons to be rehabili- 
tated. For instance, even though the heart rate is 
increasing slowly according to the aforementioned 
load increasing rate, i.e., it is ideally reaching the 
target value, sometimes the fatigue of the muscles 
of the legs and the waist increases so much that 
the training cannot be satisfactorily continued. 

However, the inventor believes that it is no 
exaggeration to say that the training device for 
rehabilitation of a person who has recovered from 
heart disease in which the above-described difficul- 
ties have been eliminated has never been pro- 
posed irr the art. There has been a strong demand 
for the quick development of a training device used 
only for rehabilitation of such persons. 

In view of the foregoing, the object of this 
invention is to provide a training device for re- 
habilitation. 

in the training device of the invention, at least 
four training steps, warming-up, automatic control, 
interval and cool-down, are provided. Physical data 
of a person to be rehabilitated who is at rest before 
the warming-up step and those which are mea- 
sured several times during the warming-up step are 
processed by a predetermined processing means 
so that a load control setting range is determined 
for each of the training steps. According to the 
variation of the physical data of the person mea- 
sured during continuous training, the load is in- 
creased or decreased so that the physical con- 
ditions conform to the load control setting ranges. 
In this training device, after the person is held at 
rest, a relatively long warming-up period is pro- 
vided so that the heart rate of the person is in- 
creased substantially linearly towards the target 
value during the warming-up period. In the auto- 
matic control step, the heart rate set for the re- 
habilitation of the person is maintained substantially 
constant, and the average load value required for 
maintaining that heart beats is measured. The aver- 
age load value is utilized in the following interval 
steps so that, while the target heart rate is main- 
tained at an optimum value, the load is intermit- 
tently decreased thereby to reduce the load ap- 
plied to the legs and the waist. Thereby the phys- 
ical strength of the person who has recovered from 
the heart disease can be suitably increased. 

Fig. 1 is an explanatory diagram showing 
one example of a training dBvice for rehabilitation 
according to this invention and the use thereof. 

Fig. 2 is a block diagram of a control section 
in the training, device shown in Fig.1. 

Fig. 3 is a perspective view of a control box 
in the training device. 

Fig. 4a and 4b are two parts of a flow chart 
for a description of the operation of the training 
device for rehabilitation according to the invention. 



Fig. 5 if a time chart showing training pro- 
gram data in the training device according to the 
invention. 

One example of a training device for rehabilita- 

5 tion according to this invention will be described 
with reference to the accompanying drawings. 

In Fig. 1 is shown a training device 10 of the 
invention, namely, a bicycle ergpmeter which loads 
the operator with his flexing motion. The training 

70 device 10 includes a frame 1 and loading means 2 
rotatably supported by the frame 1. The loading 
means 2 is made up of, for instance, an eddy 
current brake, only the essentia! part of which is 
shown in Ftg. 1. The eddy current brake has been 

75 described in Japanese Patent Application No. 
123171/1983 by the present applicant Pedals 3 
powered by the user rotate the loading means 2. A 
saddle 4 is mounted on a supporting member 
extended from the frame 1 in such a manner that 

20 the saddle 4 is movable vertically. In front of the 
saddle 4, there is provided a handle bar 5 which is 
fixedly mounted on a supporting member extended 
from the frame 1 . An input/output box 6 is mounted 
in the middle of the handle 5. The input/output box 

25 6 is used to input physical conditions (described 
later) and to output and display predetermined 
data. Electro-cardio-potential sensors 7 (each com- 
prising a conductive rubber electrode or an 
Ag/AgCI disposal electrode) are connected to one 

30 side of the input/output box 6. Installed inside the 
frame 1 are the aforementioned loading means 2, 
and, as shown in Fig. 2, a power source 8 for 
supplying current and voltage to various parts of 
the bicycle erogemeter and various other circuits 

36 shown in Fig. 2. These other circuits include a 
constant current control circuit 9, an eddy current 
brake 11. a rotation sensor 12, a floating circuit 13, 
an amplifier 14. a filter 15, an electro-cardio-poten- 
tial waveform shaping circuit 16 and a microcom- 

40 puter 20 (described later). 

Fig. 2 shows the means for controlling the 
training device for rehabilitation according to the 
invention, i.e., the bicycle ergometer 10. The con- 
trolling means comprises the aforementioned 

45 input/output box 6, an arithmetic and control unit 
arranged near the loading means 2, and a periph- 
eral unit related thereto. The microcomputer 20 
includes an input/output unit (hereinafter referred to 
as "an I/O unit 21 w ), a central processing unit 

50 (CPU) 22, a random access memory (RAM) 23, a 
read-only memory (ROM) 24, a timer circuit 25 and 
a buzzer 26. 

The microcomputer 20 operates to read pro- 
cessing programs for rehabilitation out of the ROM 

55 24. The microcomputer 20 also inputs to the CPU 
22 through the I/O unit 21, according to the pro- 
cessing program thus read, both data supplied 
from the input/output box 6 such as physical con- 
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ditions (for instance a target heart rate specified by 
the doctor after a heart disease has been cured) as 
well as signals from the eiectro-cardio-potential 
sensors 7 and the rotation sensor 12. The micro- 
computer 20 further operates to store in the RAM 
23 various data processed by the CPU 22, to 
transfer the processing program for rehabilitation 
read out of the ROM 24 to the RAM 23, and to 
control the amount of load of the loading means 2 
through the constant current control circuit 9 ac- 
cording to the processing program thus transferred. 
Then, according to the data finally provided by 
RAM 23, the CPU 22 operates to apply predeter- 
mined data such as desired heart rate and a load 
value through the I/O unit 21 to the input/output box 
6 so that the data are displayed. 

Fig. 3 shows the front panel of the input/output 
box 6. A display section is provided in the upper 
portion of the front panel for displaying the target 
heart rate, a range of the variable numbers of heart 
rates, time, a load value, a calorie value, a distance 
and the revolutions. Various keys for inputting var- 
ious data required for rehabilitation such as phys- 
ical conditions (age, sex, etc.) are provided in the 
lower portion of the front panel. 

Now, a rehabilitation exercise carried out with 
the bicycle ergometer 1 thus constructed will be 
described with reference to Figs. 4a, 4b and 5. 

First the operator (or user) sits on the saddle 4 
of the bicycle ergometer 1 shown in Fig. 1 and 
selects a desired program mode by operating the 
corresponding key on the front panel of the 
input/output box 6 shown in Fig. 3. The user then 
fixes the electro-card io-potential sensors 7 on the 
right and left of his chest (with the reset key 
depressed). Thereafter, he inputs the target heart 
rate (THR) specified by the doctor. Now, he can 
start the rehabilitation by depressing the start key. 

When the rehabilitation exercise is started in 
this manner, the desired program is read out of the 
ROM 24. At the same time, the timer circuit 25 
coupled to the CPU 22 starts its operation, so that 
pulses from the sensors 7 (with the operator at 
rest) are measured for about one minute (the cur- 
rent heart rate being sampled n times each for m 
seconds for a correct value). The average heart 
rate per minute with an ■ operator at rest HRo - 
(hereinafter referred to as "the average heart rate 
at rest HRo") is obtained by averaging the heart 
rates thus measured. Then-4he~heart rate reserve 
HRR is obtained by subtracting the heart rate at 
rest HRo from the target heart rate THR (HRR = 
THR - HRo). The heart rate reserve is utilized to 
determine a value for Xi of 1, 2 or 3 according to 
the program, where a large value of Xi corresponds 
to a large heart rate reserve. 



After the measurement of the average heart 
rate at rest HRo and the heart rate reserve HRR 
have been determined, the operator pedals in syn- 
chronization with sounds produced at equal inter- 

5 vals; that is, the initial warming-up operation of Fig. 
5 is effected. In this case, when the heart rate of 
the operator exceeds the present sum of the target 
heart rate THR pius fifteen (THR + 15), the buzzer 
26 operates, thus warning him that he should stop 

w the exercise. The increment of +15 is the numeri- 
cal value for adjusting the sensitivity of the buzzer. 
For a rehabilitation exercise, the numerical value of 
the increment is preferably set to about +5 there- 
by to increase the sensitivity of the buzzer because 

75 the user can exercise himself feeling at rest. That 
is, the warming-up can be continued until the buzz- 
er 26 operates. 

In the warming-up period, the load value W of 
the load means 2 is controlled with a moderate rise 

20 of dw/dt = AW/At, for instance 2w/10 sec, i.e. 0.2 
watts/sec, because of the initial warming-up. Fur- 
ther in the initial warming-up, the average heart 
rate HRi per minute is obtained similarly as in the 
case of the above-described average heart rate at 

25 rest HRo and a value Yi of 1, 2 or 3 shown in the 
flow chart of Fig. 4a is determined. That is, the 
value Yi is determined according to where the 
average heart rate HRi is located between the heart 
rate at rest HRo and the target heart rate THR, with 

30 a large value of Yi corresponding to a low heart 
rate. 

After the warming-up period of one minute has 
passed, the middle warming-up operation is effec- 
ted for about two to four minutes. In the middle 

35 warming-up operation, the loading means 2 is con- 
trolled according to a load value which is deter- 
mined by a value Zi where 2i = (Xi + Yi)/2 with 
any non-integer part disregarded, as shown in the 
flow chart of Fig. 4a. In the middle warming-up 

40 stage, because of the middle warming-up, the load 
rise rate is larger than that in the initial warming-up 
stage. Specifically, AW/At « 2w/10 sec when Zi - 
1, AW/At = 4w/10 sec when 2i = 2, and AW/At 
= 6w/10 sec when Zi = 3. 

45 In the middle warming-up stage also, the aver- 

age heart rate HR2 is measured for the third (2 - 3) 
minute. The value W is suitably corrected by utiliz- 
ing the average heart rate HR2 and a value JHR n 
where JHR„ = HRo + (THR -HRo) x (2n - 1)/10 

50 and n = 1 to 5. For instance, W 2 = (W1 -1) when 
HR 2 > JHR 2 + 3, W 2 = (W1 + 0) when JHR 2 -3 £ 
HR 2 £ JHR 2 + 3, and W 2 = (W1 + 1) when HR 2 < 
JHR2 -3. 

The above-described control of the loading 
55 means 2 is carried out also for the fourth (3 - 4) 
minute. In the fourth minute also, the average heart 
rate HR3 is measured for the fourth minute. Then, it 
is determined whether or not the difference be- 
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tween the average heart rate HR 3 and the target 
heart rate THR is larger than ten (10) heart beats. If 
the difference (THR - HFb) |s larger than ten (10), 
then the load value is increased by 10w, and if 
smaller, he may continue the middle warming-up. 

In the above-described embodiment, the dif- 
ference between the average heart rate HR 3 and 
the target heart rate THR is compared with ten 
(heart beats) to determined whether or not the load 
should be increased by 10w. However, the refer- 
ence value may be smaller than ten, and the incre- 
ment W is not limited only to 10w. 

The third-and-fourth-minute middle warming up 
stage is followed by the final warming-up stage 
which lasts for another two minutes (the fifth and 
sixth minutes). 

In the final warming-up stage, the loading 
means 2 is controlled according to a load value W 
which is determined by the value Zi shown in the 
flow chart of Fig. 4b. In the final warming-up stage, 
because of the final warming-up the load rise rate 
is smaller than that in the middle warming-up 
stage; AW3/At = AW AX when Zi = 1 , AWVAt = 
3w/10 sec when Zi = 2, and AWVAt = 4w/10 sec 
when Zi = 3. In the final warming-up stage also, 
the average heart rate HR4 is measured for the fifth 
(4 - 5) minute. The average heart rate HFU and a 
value JHR4 are utilized to suitably correct the value 
W. Namely AWVAt = (AWVAt - 1) when HR4 > 
JHFU + 3, AWVAt = (AW 3 7At + 0) when JHFU -3 
£ HR4 £ JHR4 + 3, and AWVAt = (AWa/At + 1) 
when HR« < JHRi -3. 

The control of the loading means 2 is carried 
out in the same manner for the sixth (5 - 6) minute. 
In the sixth minute also, the average heart rate HR5 
is measured. Then, it is determined whether or not 
the difference between the target heart rate THR 
and the average heart rate HR5 (THR - HR5) is 
larger than ten (10) heart rate. If the difference is 
larger than ten (10), then the load value W is 
further increased by 10 watts, and if smaller, the 
operator may continue the final warming-up. 

In the above-described embodiment, the dif- 
ference between the average heart rate HR5 and 
the target heart rate THR is compared with ten 
(heart beats) to determine whether or not the load 
should be increased by 10w. However, the refer- 
ence value may be smaller then ten, and the incre- 
ment to W is not limited only to 10w. 

Thus, the loading means 2 has been so con- 
trolled by the five-minutes warming up that it is 
most suitable to the user. 

If, even after the warming-up, the heart rate 
does reach the target heart rate THR, the load 
value W is maintained as it is. When the heart rate 
exceeds the target heart rate THR, the load value 
is decreased by about 20%. The decrease of the 
load value depends on the physical conditions and 
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strength of the person being rehabilitated. However 
it has been found through past experimental re- 
habilitations that, if, after the warming-up, the toad 
means 2 is controlled with the load value deter- 

5 mined in the final warming-up stage, the heart rate 
of the operator greatly exceeds the target heart 
rate THR. Therefore, the decrease of the load value 
is so programmed that it is carried out within about 
two minutes after the warming-up. According, in the 

10 embodiment, with the load vaiue W decreased by 
about 20%, an automatic control is carried out after 
the eighth minute. That is, a rehabilitation exercise 
is conducted for about six minutes with the heart 
rate being maintained equal to the target heart rate 

t5 THR. 

In the automatic control, the load is determined 
by the following expression: 
AW = G p (AHR n ' -AHR n '.-i) + G,.AHR n ' (W) 
where AW is the amount of adjustment of the load 

20 W, HR n ' is the heart rate at the time instant t„, 
AHR n ' = HR n ' -THR so that AHR n ' is the deviation, 
G p is a proportional constant, THR is the target 
heart rate, G| is an integra constant, and tj = t n -t„_ 
i is the HR n sampling period. In the preferred 

25 embodiment G p = 1, G, = 1. and t s = 20 sec. 
However, these values may be changed. 

The automatic control rehabilitation training pe- 
riod described above is followed by an interval 
training period. For the interval training period, an 

30 average load value W H is determined for the last 
five minutes of the automatic control rehabilitation 
training period and is used as an upper reference 
value. A lower reference is value W L is determined 
as W L = W H x 0.6. The two reference load values 

35 W H and W L are alternately and repeatedly given for 
the load value W to the extent that the heart rate 
does not exceed the target heart rate THR. The 
average load value W H can either be measured or, 
more easily, be calculated from previously set val- 

40 ues of the load W over the period of 9* to 14*. 

This interval training period is the most specific 
feature of the invention. As was described before, 
immediately after the heart disease has been 
cured, the patients physical condition is much low- 

46 er than that of a healthy person. Therefore, a 
warming-up exercise is suitably conducted before 
the rehabilitation training, the rise of the heart rate 
and the increase in fatigue of the muscles of the 
legs and the waist are liable to be unbalanced with 

so each other. Accordingly, even in the case where it 
seems that the heart rate of the operator is much 
different from the target heart rate, the muscles of 
the feet and the waist are often greatly fatigued. 
Under this condition, continuation of the above- 

55 described automatic control training is not suitable 
for the rehabilitation, and may sometimes be con- 
siderately dangerous for him. 
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In order to eliminate the above-described dif- 
ficulties, in the invention, the interval training period 
is provided in the training program, so that the 
rehabilitation training is effectively and safely car- 
ried out with good balance kept between the rise of 
the heart rate and the increase in fatigue of the 
muscles of the legs and the waist. 

in the above-described embodiment, the upper 
interval load value W H is multiplied by a factor of 
0.6 to obtain the lower interval load value W L . 
However/ the factor may be changed according to 
the physical condition of the operator in forming 
the training program. 

The above-described interval training period is 
followed by a cool-down period (three minutes). 
The cool-down period is so programmed that the 
load value is decreased by half every minute and 
finally set to zero. 

Thus, one cycle of rehabilitation training has 
been accomplished. 

As was described above, in the training device 
for rehabilitation according to the invention, the 
load control means is provided to allow the heart 
rate to smoothly reach the target value at a pre- 
determined rate in the warming-up exercise. After 
the target value has been reached, the load is 
controlled so that the target value is maintained 
within the predetermined range. The load value for 
a predetermined period is measured, and the inter- 
val training period is included in which the load is 
alternately increased and decreased according to 
the load value thus measured. Furthermore the 
load control means is provided so that, before the 
training is ended, the cool-down period is provided 
to gradually decrease the load value. The load 
value is so controlled that the heart rate measured 
is compared with that measured earlier so that the 
difference therebetween is corrected. Therefore the 
training device for rehabilitation according to the 
invention- is considerably effective in rehabilitating 
the person who is attempting to regain his health 
after heart disease. 

As was described above, the rehabilitation 
training program is the invention has at least four 
training steps; warming up, automatic control, inter- 
val, and cool-down. The physical data of the oper- 
ator at rest before the warming-up and those mea- 
sured several times during the warming-up period 
are processed by the predetermined processing 
means so that the load control range is determined 
for each of the aforementioned steps. The load is 
increased or decreased according to the variation 
of the physical data of the operator which are 
measured during his continuous training so that the 
physical conditions of the operator conform to the 
above-described range. Therefore in the invention, 
after the operator is held at rest, a relatively long 
warming-up period is provided so that the heart 
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rate of the operator is increased substantially lin- 
early towards the target value during the warming- 
up period. In the automatic control step, the heart 
rate set for the rehabilitation of the operator is 
5 maintained substantially constant and the average 
load value required for maintaining that heart rate is 
measured. The average load value thus measured 
is utilized in the following interval step so that, 
while the target heart rate is maintained optionally, 

70 the load is intermittently decreased to thereby de- 
crease the load applied to the legs and waist. 
Therefore, the physical power of a person who has 
recovered, for instance, from heart disease can be 
increased with the training device of the invention. 

75 Furthermore, the training device of the invention is 
so designed that the target heart rate is inputted 
according to the doctor's instruction for the person 
who has recovered from the heart disease. There- 
fore, the rehabilitation can be readily conducted at 

20 places other than rehabilitation centers. 



Claims 

25 1. A rehabilitation training device in which at 

least four training steps, warming-up automatic 
control, an interval and cool-down are provided, 
comprising: 

number-of-heart rate measuring means for detect- 
30 ing a heart rate of a user when he is at rest before 

said training steps and during said training steps; 

data inputting means for freely setting a target 

heart rate as an exercise reference for said user; 

a processing circuit for processing input data from 
35 said nurnber-of-heart rate measuring means and 

said data inputting means; 

an ergometer operatively connected with said user 
and having a load controlled by an output of said 
processing circuit; 

40 warm-up control means for increasing said load of 
said ergometer during said warm-up step until said 
detected heart rate reaches said target number; 
automatic control means for controlling said load of 
said ergometer during said automatic control step 

45 so that after reaching said target heart rate said 
detected heart rate is maintained within a predeter- 
mined tolerance of said target rate; 
interval control means for changing said load of 
said ergometer during said interval control step at 

so intervals according to an average load value of said 
load during a predetermined period of said auto- 
matic control period; and 

cool-down control means for gradually decreasing 
said load of said ergometer during said cool-down 
55 step following said interval control step, said warm- 
up control means, said automatic control means, 
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said interval control means and said cool-down 
control means being included in said processing 
circuit. 

2. A rehabilitation training device as recited in 
Claim 1, wherein said processing circuit determines 5 
a load control setting range for each of said steps 

and dependent upon said input data from said 
heart rate measuring means increases or de- 
creases said load of said ergometer so that said 
detected heart rate is maintained within said load io 
control setting range. 

3. A rehabilitation training device as recited in 
Claim 2, wherein said interval control means al- 
ternately changes said load between said average 
value and a predetermined fraction of said average 75 
value. 

4. A method for controlling a rehabilitation 
training device including an ergometer having a 
variable load and operatively connected to a user 

and a sensor for measuring heart beats of said 20 
user, comprising the steps of: 
inputting a target heart rate as an exercise refer- 
ence for said user; 

measuring a heart rate of said user while at rest 
and while training on said ergometer; 25 
processing said target heart rate and said mea- 
sured heart rate to produce a load value for said 
ergometer; and 

setting a load on said ergometer to said load value; 
said processing step including: 30 
increasing said load value during a warm-up period 
until said measured heart rate reaches said target 
number; 

controlling said load value during an automatic 
control period so that after reaching said target 35 
value said measured heart rate is maintained within 
a predetermined tolerance of said target heart rate; 
changing said load value at intervals during an 
interval training period according to an average 
value of said load value during said controlling 40 
step; and 

gradually decreasing said load value in a cool- 
down period following said changing step. 
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